The development of high-speed metal cutting has resulted in the use of emulsion-type cutting oils which incorporate the cooling properties of water with the lubricating and anticorrosive qualities of fatty oils.
Emulsion-type cutting oils are subject, however, to bacterial degradation and usually contain considerable numbers of bacteria. Lee and Chandler (1941) found the bacterial content of cutting oils to be usually about 25 million organisms per ml, seldom lower than 15 million, and sometimes higher than 50 million organisms per ml. Weirich (1943) reported that he had examined emulsions with bacterial counts as high as 300 million organisms per ml. Duffett el al. (1943) found that the majority of samples studied by them contained more than 1 million organisms per ml. Fabian and Pivnick (1953) reported bacterial counts ranging from I to 100 million organisms per ml. Bennett et al. (unpublished data, 1955) obtained bacterial counts ranging from 16.5 million to 710 million organisms per ml.
Numerous attempts to control bacterial degradation of cutting emulsions have been made. There are two reasons for interest in the problem: cutting emulsions may create industrial health problems by providing a vehicle for the dissemination of pathogenic microorganisms, and manufacturers of emulsion oils gain considerable advantage in sales if their products are not readily oxidized by bacteria.
Pasteurization of the emulsion has been recommended as a means of controlling bacteria in cutting oils. Installation of such equipment is expensive and, unless all contaminating material is removed, the indigenous bacterial flora will grow to a maximum population in a short time (Weirich, 1943) . Bacterial inhibitors are often incorporated into cutting emulsions to reduce or eliminate the microbial population. Lee and Chandler (1941) reported the first study on inhibitors for controlling bacterial growth in emulsion oils. Later, Westveer (1951) and Pivnick and Fabian (1953) reported the results of their work on the control of bacteria in cutting emulsions.
For several reasons the procedures used by these workers for testing inhibitors in cutting oils were insufficient. Industrial conditions in some cases were not simulated. Studies were not carried out long enough to determine the effective life of the inhibitor. The testing procedures were too complex for studying large numbers of inhibitors. Pivnick and Fabian (1953) , using the methylene blue screening test, did not take into consideration the fact that organisms that utilize hydrocarbons may not necessarily reduce methylene blue (ZoBell, 1946) .
This study had two objectives: (1) the evaluation of different compounds as possible bacterial inhibitors for oil emulsions, and (2) the development of a proposed procedure for testing inhibitors in oil emulsions.
MATERIALS AND METHODS
The testing units consisted of wide-mouth, 1-gal jars, containing 3000 ml of commercial cutting oil in a 1:40 dilution and a specific inhibitor in a concentration of 1000 ppm. Aeration and continuous mixing were accomplished by bubbling compressed air into the lower level of the oil. At the beginning of the experiment, each unit was inoculated with 5 ml of a freshly collected used oil sample. Duplicate standard plate counts were made twice each week using sterile distilled water for dilutions and Difco Plate Count Agar (tryptone-glucoseyeast agar) for cultivation of all bacteria. The plates were incubated at 37 C for 48 hr before counting. All values given in the tables are average bacterial counts of the duplicate plates. Control units containing no inhibitor, but the same concentration of cutting oil and the same inoculum, were studied simultaneously with the units containing inhibitors. Because an open system was used, water was added to each unit at periodic intervals to prevent concentration of the inhibitors by evaporation.
In order to compare open and closed testing systems the following apparatus was used: Compressed air was passed through 3 sterile glass wool filters to remove bacteria that might be present. The sterile compressed air was then directed into a manifold with 6 outlets. From each manifold outlet the air passed through a glass T into sterile cotton filters. From one of these filters the air was directed into an open 500-ml beaker. From the other filter the air was passed into a closed 500-ml flask with a water trap at the exhaust end. Each inhibitor could be checked simultaneously under the same conditions in an open and a closed system. The units were autoclaved intact and the flask and beaker of each unit was filled with 400 ml of sterile emulsion containing 1000 ppm of an inhibitor to be studied. Each flask or beaker was inoculated with a 1-ml sample of used cutting oil obtained from a local indus- was deteimined by plate counts, using the same technic as previously described. Evaporation was compensated for at periodic intervals and all experiments were carried out for 60 days.
RESULTS AND DISCUSSION The first compounds'studied were products marketed as commercial cutting emulsion inhibitors. Table 1 gives representative results obtained when using these products. None of the commercial cutting oil inhibitors tested was able to inhibit all bacteria for a significant period of time. In several instances the emulsion oil treated with commercial cutting emulsion inhibitors contained more viable bacteria than the uninhibited contiols, indicating that some commercial cutting oil inhibitors may actually contain substances which favor bacterial growth.
It became appareint that other bacterial inihibitors should be studied in an attempt to find effective emulsion oil inhibitors. oil, and orthobenzyl-parachloro-phenol Alkyl-dimethyl benzyl ammonium chlorides Sapamine Hexachlorocyclopentadiene 2,2'-Methylenebis (4-chlorophenol) 2, 2'-Methylenebis (4, 6-dichlorophenol) 2, 2'-Methylenebis (3,4, 6-trichlorophenol) 2,2'-Methylenebis (6-bromo-4-chlorophenol) 2, 2'-Methylenebis (4, 6-dibromophenol) 2, 2'-Methylenebis (6-bromo-4-methyl phenol) 2, 2'-Thiobis (4-chlorophenol) 2,2'-Thiobis (4,6-dichlorophenol) 2, 2'-Thiobis (4-bromophenol) 2,2'-Ethylidenebis (4,6-dichlorophenol) 2, 2'-Benzylidenbis (6-bromo-4-chlorophenol) Hexyl resorcinol Tris (hydroxymethyl) aminomethane Pine oil disinfectant Lauryl dimethyl benzyl ammonium chloride Pine oil disinfectant Sodium salts of dimethyl dithiocarbamic acid and 2-mercaptobenzothiazole pounds to those which were effective warrant additional study.
From previous work of Fabian and Pivnick (1953) and the results reported in this paper, it is apparent that most bacterial inhibitors tested in cutting emulsions will prove to be ineffective.
In order to study large numbers of bacterial inhibitors in cutting emulsions, a reliable screening test is needed in order to eliminate quickly the ineffective compounds. Several different screening technics were studied in this laboratory, and all but one proved unsatisfactory. The screening method found to be Lee and Chandler (1941) . The closed system is an effective method for primary screening of inhibitors for emulsion oils, but additional studies on long range effectiveness of an inhibitor should be done in the open system on compounds which prove effective in primary screening.
These results indicate the importance of aerial flora in the bacterial contamination of cutting emulsions. The closed system uninhibited control, initially inoculated with bacteria from cutting oil, had a consistently lower count than the open system uninhibited control which was similarly inoculated. The fluctuating bacterial count in the open system has been found to be a constant phenomenon in this laboratory. High bacter-ial counits usually can be related to increased activity in the laboratory or other factors, such as the operation of the air conditioning prior to making the counts.
Comparison of the uninoculated uninhibited and inoculated uninhibited controls show s the importance of adding used cutting oil inoculum to the testing system to test effectively a bacterial inhibitor. The inoculated control had, in most cases, a higher bacterial count than the uninoculated control.
Another problem to be considered is the fact that an inhibitor may be very effective in one emulsion oil and completely ineffective in another. Piynick and Fabian (1953) , using a different cutting oil than any tested in thWs study, reported that 1, 3-dichloro-5, 5-dimethylhydantoin and 2,4,6-trichlorophenol were ineffective. These compounds, how ever, proved very effective in the cutting oil used in this investigation in the same concentration. It has been observed in this laboratory that different cutting emulsions must be tested individually wi-ith various inhibitors in order to produce effective inihibition.
The procedures employed in the foregoing study were proved to be suitable for the quantitative evaluation of lw,cterial inhibitors in cutting oil. Based on the data obtained, the follow ing procedure is proposed as an effective method for evaluation of inhibitors. The testing procedure has been used with considerable success in this laboratory in connection with industrial research projects.
A closed system screening test is first carried out to determine potential inhibitors that might be effective and to eliminate the many compounds which are unsatisfactory in cutting emulsions. The soluble oil emulsion is mixed with a desired concentration of inhibitor, usually in concentrations of 100, 500, and 1000 ppm. The volume used is 19 ml of the oil emulsion and inhibitor. The tubes containing the emulsion and inhibitors and uninhibited controls are then sterilized. The tubes are inoculated with 1 ml of used oil emulsion which has been collected just prior to use. Collection of the used cutting emulsion just before use is very important because the bacterial flora will change considerably both in numbers and types of organisms even when stored in the cold. Several uninhibited controls which do not receive an inoculum serve as sterility controls. The inoculated tubes are mechanically agitated on a laboratory shaker at room temperature for the 7-day screening test. Immediately after inoculation, and at 24-hr intervals thereafter, 0.1-ml amounts of the emulsion are inoculated into nutrient broth. The inoculated broth tubes are incubated for 48 hr at 37 C and examined for turbidity. If the emulsion itself causes cloudiness of the broth, subcultures are made at the end of 24 hr into additional nutrient broth tubes. The screening test is carried out for 7 days, as it has been determined that compounds w hich do not produce sterility within 7 days in the closed system usually are unsatisfactory w hen tested in the open system. Compounds which do sterilize the emulsion in the 7-day test period are studied more extensively in the open system.
The open system consists of large-mouth jars containing 3000 ml of emulsion in the desired concentration and 3 g of powdered iron. Zuidema (1946) reported that the oxidation rates of hydrocarbons may be markedly increased by the addition of iron. It is believed that the addition of iron gives the organisms an additional advantage and more effectively tests the inhibitor. The concentration of inhibitor xx hich proved effective in the closed system is added to the jar and each unit is inoculated with 5 ml of a freshly collected used emulsion sample. Uninhibited inoculated units serve for comparison with the inhibited experimental units. Compressed air is bubbled into the lowier levels of the oil for aeration and agitation. The effectiveness of the inhibitor is determined at 3-day intervals using standard plate count methods. All duplicate dilutions used in the plate count procedure are made in sterile distilled water, and Difco Plate Count Agar is employed as the plating medium. The duplicate plates are incubated at 37 C for 48 hr and then counted. Due to cloudiness produced by the emulsion oil in dilutions of 1:10 and 1:100 these plates cannot be counted. Therefore, 1-mI amounts of these dilutions are inoculated into nutrient broth and checked qualitatitively for growth after 48-hr incubation at 37 C. Any evaporation is compensated for at weekly intervals by the addition of water to produce the original 3000 ml of emulsion. The inhibitor which permits no growth, or a reduced growth, for the longest period of time is used in industrial testing. It should be remembered that inhibitors which give very favorable results in the laboratory may, under actual industrial conditions, prove to be ineffective. Lee and Chandler (1941) On the basis of the data obtained, a procedure is recommended for testing bacterial inhibitors in soluble oils. The test is divided into two parts: A closed-system screening study carried out for 7 days, an open-system test for a longer period of time to determine the effective life of the inhibitor.
